I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Smoking has been clearly established as one of the most important risk factors in the development and progression of periodontal disease.\[[@ref1][@ref2][@ref3]\] It has been associated with periodontal tissue destruction,\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\] impaired wound healing following various surgical procedures,\[[@ref10][@ref11]\] negative outcome of periodontal therapy,\[[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] and impairment of gingival vasculature.\[[@ref18][@ref19]\]

The qualitative and quantitative changes in gingival vasculature are crucial in the understanding of the pathogenic mechanisms involved in the initiation and progression of periodontal diseases. In healthy gingival tissues, smoking is associated with altered gingival vasculature.\[[@ref18][@ref19]\]

Studies have shown that gingival vasculature in smokers shows morphologic alterations,\[[@ref20]\] higher percentage of slender and smaller blood vessels,\[[@ref21]\] tortuousness of capillary loops,\[[@ref22]\] microaneurysm, and microhemorrhage.\[[@ref23]\] In periodontally involved gingiva, vascular changes such as increased density and dilatation occur in the gingival tissues independently of the smoking status.\[[@ref24]\] Limited data are currently available relative to the changes in gingival vasculature in smokers with chronic periodontal disease compared with nonsmokers with chronic periodontitis.\[[@ref25]\]

Rezavandi *et al.*\[[@ref25]\] suggested that the inflammatory response in smokers with periodontitis may not be accompanied by an equivalent increase in vascularity, and a significantly larger number of vessels were observed in inflamed tissues of nonsmokers than smokers. When gingival blood flow was compared between patients with different severity of periodontitis,\[[@ref26]\] laser Doppler flowmetry showed that smoking decreased gingival blood flow in smokers with periodontitis compared to nonsmokers with periodontitis. In a cross-sectional study comparing the vascular changes in the gingival of smokers and nonsmokers with chronic periodontal disease, Kumar and Faizuddin\[[@ref27]\] concluded that although smokers have less vascular density and reduced lumen area than nonsmokers, these differences did not reach statistical significance. This study was undertaken to determine in human interproximal gingival biopsies the number of gingival vessels in periodontitis-affected smokers and nonsmokers using the CD34 immunohistochemical staining method. Furthermore, the distribution of differently sized vessels in the different areas of the gingival connective tissue was evaluated.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

P[ATIENT POPULATION]{.smallcaps} {#sec2-1}
--------------------------------

Systemically healthy patients with moderate chronic periodontitis, according to the classification of the American Academy of Periodontology (AAP) in 1999,\[[@ref28]\] ranging in age between 30 and 60 years were recruited for the study from the patient population attending the Periodontology Department (Faculty of Dental Medicine, Lebanese University, Beirut, Lebanon). The diagnosis of moderate periodontitis was based on radiographic findings (localized or generalized bone loss affecting 1/3 to 2/3 of the roots with pocket depths ranging between 6 and 8mm in at least two sites). The following patients were excluded from the study: (1) patients taking medications that could affect the general or gingival vasculature and vascular, (2) patients taking medications known to cause hyperplastic/hypertrophic gingival changes, and (3) patients having received previous periodontal surgical or nonsurgical treatment except for regular supragingival prophylaxis.

The patients were selected matched in age and sex to have two groups of 10 patients each according to the following:

1.  In the smokers group (Group SP), according to the classification by Yun *et al*.,\[[@ref29]\] we included patients smoking more than 10 cigarettes/day for the last 10 years. This standard was based on the premise that smoking and periodontitis are dependent on the dose and years of exposure to tobacco products;\[[@ref30][@ref31][@ref32]\] the criteria for smoking was based on a self-reported history.

2.  Group NP: nonsmokers.

In all smokers, the number of cigarettes per day and the duration of the smoking habit was recorded. All individuals were subjected to full mouth prophylaxis and oral hygiene instructions 3--4 weeks before the study. The study protocol was approved by the Ethics Committee in Research at the Lebanese University, Beirut, Lebanon (CUEMB No. 23). All patients were given detailed information about the study objectives and procedures, and their written informed consent was obtained.

S[ITE SELECTION AND CLINICAL MEASUREMENTS]{.smallcaps} {#sec2-2}
------------------------------------------------------

One site per patient was selected for biopsy taken during surgery for periodontal treatment using open flap curettage or modified Widman flap. The selection of the biopsy site was based on the following criteria: (1) interdental buccal location in non-aesthetic areas of the mouth, (2) absence of tooth abnormalities, caries, or inadequate interproximal restorations, (3) probing depth of 6--8mm on the proximal surfaces of both adjacent teeth, and (4) bone loss in the interproximal area as ascertained on a periapical radiograph taken with the long cone paralleling technique. Teeth carriers of removable or fixed prostheses in the biopsy area were excluded.

Before the biopsy procedure, the following clinical parameters were recorded: (1) clinical attachment level (CAL) on the two proximal surfaces of the adjacent teeth, (2) gingival index (GI),\[[@ref33]\] and (3) plaque index (PI)\[[@ref34]\] measured as the mean of the two recordings on the adjacent teeth. All measurements were performed by the same operator previously calibrated.

B[IOPSY PROCEDURE]{.smallcaps} {#sec2-3}
------------------------------

Before the biopsy procedure, all patients were asked to rinse with chlorhexidine 0.2% for 15s. The selected sites in the two groups received supragingival scaling using light ultrasonic instrumentation. Local anesthesia without vasoconstrictor (Scandicaine 3%, Mepivacaïne, Septodont, Saint-Maur-des--Fosses, France) was injected in the alveolar mucosa to circumvent gingival vessels alteration or vasoconstriction. Local infiltration in the surrounding gingiva was avoided. A standardized area, including the proximal papilla with a height of 5 mm and a depth of 3--4 mm, was resected. A horizontal mesiodistal incision located at 5 mm apically to the tip of the papilla, and extending in a lingual direction to a depth of 3--4 mm was supplemented by a vertical incision in the interproximal area \[[Figure 1](#F1){ref-type="fig"}\].

![Buccal photographs showing the incisions used for biopsy harvesting in the interproximal area canine--first premolar in mandibular (A--C)](JISPCD-10-368-g001){#F1}

H[ISTOLOGICAL AND HISTOCHEMICAL PREPARATION]{.smallcaps} {#sec2-4}
--------------------------------------------------------

Immediately following biopsy procurement, all samples were fixed in 10% buffered formalin solution for at least 24h. As per the steps required for histological and histochemical preparation, the samples were dehydrated in five subsequent alcohol baths of ascending concentrations, cleaned in four successive xylol baths, and embedded in paraffin. The samples were subsequently sectioned along a plane perpendicular to the oral vestibular epithelium and the long axis of the tooth, starting from the coronal aspect of the papilla and proceeding apically. Two 5--6 micron sections were obtained at 600-μm intervals, resulting in sections showing both sulcular epithelia of the two adjacent teeth and the keratinized buccal oral epithelium. Each specimen yielded 4 or 5 levels of sections according to the size of the specimen. After staining with hematoxylin--eosin, the most representative section was selected according to the following criteria: (1) sections large enough to contain at least 1 mm of connective tissue subjacent to the sulcular epithelia of the adjacent teeth, and (2) no tissue folding in the area of interest. The section stained with hematoxylin--eosin was used for evaluation of tissue morphology, whereas the corresponding second section of the selected level was prepared for immunohistochemical staining.

I[MMUNOHISTOCHEMICAL ANALYSIS]{.smallcaps} {#sec2-5}
------------------------------------------

Vascular endothelium was labeled immunohistochemically using the anti-CD34 primary antibody directed against the human CD34 antigen expressed by endothelial cells (Novocastra clone, QBEnd/10, Novocastra Laboratories, Newcastle upon Tyne, UK). As most formalin-fixed tissues require an antigen retrieval step before immunohistochemical staining, the sections were heated in a microwave oven in two 5--10 min periods. Endogenous peroxidase was inhibited by incubation in phosphate-buffered saline (pH 7.2). Nonspecific binding of the antibody was blocked with 10% normal rabbit serum. The sections were then incubated with the primary antibody (diluted 1:100) for 60 min at room temperature. The binding antibody was visualized by means of a immunostaining kit; 3.3'-diamino-benzidine was used as a chromogen, and the sections were counterstained with Mayer's hematoxylin.

S[ELECTION OF MEASURING FIELDS AND ASSESSMENT]{.smallcaps} {#sec2-6}
----------------------------------------------------------

Field selection in the specimens was performed in the following three different areas \[[Figure 2](#F2){ref-type="fig"}\]:

![Histological section of a papilla with the schematic representation of the three regions selected for immunohistochemical evaluation of connective tissue vasculature. CTD refers to the deep connective tissue of the papilla, CTKE to the connective tissue subjacent to the oral epithelium, and CTSE to the connective tissue immediately subjacent to the sulcular non-keratinized epithelium](JISPCD-10-368-g002){#F2}

1.  The deep connective tissue in the central portion of the biopsy (Region CTD)

2.  The connective tissue portion of the biopsy immediately subjacent to the oral epithelium (Region CTKE)

3.  The connective tissue portion of the biopsy immediately subjacent to the sulcular epithelium (Region CTSE)

Under a blinded protocol, the selected slides were numbered, coded, and subsequently analyzed by the same investigator.

The slides were observed at ×40 magnification under a light microscope equipped with an incorporated micrometer. One to three square fields measuring (250 × 250) μm^2^ were selected in each region according to the size of the specimen. The total number of capillaries (V) per unit area, the number of small vessels (internal circumference \<50 μm) (S), medium vessels (internal circumference between 50 and 100 μm) (M), and larger vessels (internal circumference \>100 μm) (L) were evaluated in all fields \[[Table 1](#T1){ref-type="table"}\]. In cases where more than one field was evaluated, the average of the fields was calculated for the region. A strict set of measurement criteria was used for consistent and reproducible recognition of blood vessels in each section: (1) structures were counted as blood vessels only if a definite lumen was present, and (2) structures were counted as blood vessels only if a closed circular or elliptical endothelial cell pattern was observed.

###### 

Intergroup and intragroup comparison of the number of small, medium, and large vessels in the three regions taken separately or as a whole

           SP             NP                                                                                           
  -------- -------------- -------------- --------------- --------------- -------------- -------------- --------------- ----------------
  Small    3.20 (±1.68)   5.40 (±2.90)   6.80 (±1.89)    15.40 (±4.46)   3.88 (±2.25)   7.50 (±4.21)   8.50 (±2.29)    19.88 (± 5.48)
  Medium   2.60 (±1.64)   2.80 (±2.49)   2.80 (±1.48)    8.20 (±4.01)    2.25 (±0.83)   1.50 (±1.00)   2.30 (±1.79)    6.05 (± 2.36)
  Large    2.20 (±1.15)   0.60 (±1.34)   0.50 (±0.50)    3.30 (±2.68)    2.00 (±1.22)   0.30 (±0.45)   0.60 (±1.34)    2.90 (± 2.13)
  Total    8.00 (±3.82)   8.80 (±3.17)   10.10 (±0.74)   26.90 (±6.20)   8.13 (±4.16)   9.30 (±4.16)   11.40 (±2.97)   28.83 (± 7.65)

CTD = deep connective tissue in the central portion of the biopsy, CTKE = connective tissue portion of the biopsy immediately subjacent to the oral epithelium, CTSE = connective tissue portion of the biopsy immediately subjacent to the sulcular epithelium, CT = the whole connective tissue of the papilla, NP = nonsmoker patients with periodontitis, SP = smoker patients with periodontitis

S[TATISTICAL ANALYSIS]{.smallcaps} {#sec2-7}
----------------------------------

Mean values, ranges, and standard deviations were computed for the variables V, S, M, and L for each of the three regions, for single patients and for groups of patients. The Wilcoxon test was used to compare the mean of all variables within regions, in between regions in the same group of patients, and between patient groups. Data were analyzed using the SAS 9.1.3. Service Pack 4 (SAS Institute, Cary, North Carolina), and the level of statistical significance was set at *P* \< 0.05.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Only 12 of the 20 biopsies procured yielded representative sections that were considered adequate for histological analysis. Mean age in the corresponding patient population was 42.75 ± 5.7 years. These representative biopsies were distributed as follows: seven in the SP group, and five in the NP group. Immediately before the biopsy procedures, all patients in the two groups had a full mouth plaque score (FMPS) \<10%, a full mouth mean GI \<1, and the biopsy sites were devoid of visual inflammatory signs. All biopsy sites healed uneventfully with total rebound of the interproximal gingival tissues within 2--3 months. No buccal or lingual recessions were observed in the short-term follow-up period up to 3 months. At the biopsy sites, the CALs averaged 6.65 ± 1.04 mm in the two groups. The mean total numbers of vessels, in addition to the mean number of small, medium, and large vessels in the various connective tissue regions of the two patient groups, are reported in [Table 1](#T1){ref-type="table"}.

I[NTERREGIONAL AND INTERGROUP COMPARISON OF THE TOTAL NUMBER OF VESSELS INCLUDING SMALL, MEDIUM, AND LARGE DIAMETER VASCULATURE]{.smallcaps} {#sec2-8}
--------------------------------------------------------------------------------------------------------------------------------------------

The mean total number of vessels (V) in the three regions taken separately in specific regions (CTD V versus CTKE V versus CTSE V) and as a whole were compared. The total number of vessels (S + M + L) in the entire connective tissue area of the biopsy was not statistically different between the two patient groups: SP and NP (*P* \> 0.05). Furthermore, when the three regions of the biopsy were taken separately, no statistically significant differences could be detected between patient groups. In addition, when the number of vessels in each patient group was compared between the three connective tissue areas (CTD, CTKE, and CTSE), the differences were not statistically different.

I[NTERREGIONAL AND INTERGROUP COMPARISON OF THE SMALL-SIZED VESSELS]{.smallcaps} {#sec2-9}
--------------------------------------------------------------------------------

The differences between the total number of small vessels in the various regions of the two groups were compared. Overall, no statistically significant differences were observed between groups when comparing the number of small vessels in the three connective tissue areas. However, the number of small vessels (S) was significantly smaller in the CTD region when compared to the more superficial connective tissue area CTSE of the biopsy in both groups.

I[NTERREGIONAL AND INTERGROUP COMPARISON OF THE MEDIUM-SIZED VESSELS]{.smallcaps} {#sec2-10}
---------------------------------------------------------------------------------

Similar evaluations were carried out for medium size vessels. The results show no statistically significant differences between the two groups when considering the total number of medium vessels (M) or the fraction of medium vessels in the various regions of the connective tissue. Moreover, no significant difference was observed in the number of medium vessels (M) between the three regions (CTD, CTKE, and CTSE) in each of the two groups.

I[NTERREGIONAL AND INTERGROUP COMPARISON OF THE LARGE-SIZED VESSELS]{.smallcaps} {#sec2-11}
--------------------------------------------------------------------------------

When the total number of large vessels was assessed, no significant difference was found between the two groups. Interregional comparison showed that the number of large vessels in the CTD region was significantly higher than that in the CTKE region for the two groups. No such difference was evident between the CTKE and the CTSE connective tissue areas. Overall, the CTSE contained a less significant number of large vessels than CTD in the two groups.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This study was performed to investigate in periodontally affected subjects, the effect of smoking on the number of vessels and internal circumference of vessels stained with monoclonal antibody to CD34. This immunohistochemical staining technique has been reported to be a reproducible method for this purpose as the antibody to CD34 has been shown to be mostly expressed on microvessels with no staining of inflammatory cells and with little or no background staining.\[[@ref30]\] Further objectives of this investigation were to evaluate the distribution of vessels per diameter and connective tissue region of the biopsy.

The results of this study showed that smoking and periodontitis do not significantly alter the total number of vessels in the entire connective tissue area of the biopsy (CT) compared to periodontitis alone. These conclusions are in agreement with the findings of Mirbod *et al*.,\[[@ref21]\] which highlighted the absence of statistically significant differences in vascular density in the vestibular gingiva between smokers and nonsmokers treated for periodontal disease. Similarly, Sönmez *et al.*\[[@ref35]\] indicated that smoking did not affect the number of vessels per millimeter square of stroma in the subepithelial connective tissue of gingival biopsies procured from periodontitis patients after initial periodontal therapy, in which signs of inflammation were minimized. In contrast, Rezavandi *et al.*\[[@ref25]\] reported a significantly larger number of vessels in inflamed gingival tissue biopsies obtained from nonsmoking patients with periodontitis when compared to those harvested in periodontally affected smokers. The discrepancies observed between the aforementioned studies could be related to the unresolved inflammation in the untreated periodontal patient sample included in a study by Rezavandi *et al*.\[[@ref25]\]

Vascular response to induced gingival inflammation in a primate model has been reported to result in a generalized increase in blood vessel numbers in the gingival connective tissues.\[[@ref36]\] In humans, Penmetsa *et al.*\[[@ref37]\] reported an increase in the number of vessels in gingival biopsies in fields adjacent to plaque irritants from patients with chronic gingivitis and chronic periodontitis. In this study, the specific effect of periodontitis compared to healthy gingiva was not evaluated. When considering the distribution of vessels per diameter and region, the two patient groups had similar total numbers of medium vessels and fractions of medium vessels in the three considered regions of the biopsies. The relevance of this finding and its hemodynamic significance are difficult to interpret. Conversely, smoking and periodontitis resulted in a significant redistribution of small and large vessels among regions compared to periodontitis alone. Although a similar distribution of small vessels was observed within the various regions, the small vessels seem to predominate in the peripheral regions in the two groups. This distribution is to be expected as it conforms with the physiological vascular distribution within tissues where small capillaries prevail peripherally.

Although small vessels prevailed in the peripheral regions of the gingival connective tissue in the two groups, large vessels were predominant in the deep areas. Chapple *et al.*\[[@ref38]\] reported an increase in larger diameter vessels through an extensive remodeling of the vasculature in untreated chronic periodontal disease. This study showed that in smokers, periodontitis did not result in a significant change in the number of large or small vessels in the entire biopsy or in individual regions when compared to nonsmokers with periodontal involvement. A controversial conclusion was suggested by Mirbod *et al.*,\[[@ref21]\] they indicated that smokers showed a higher proportion of small and lower proportion of large vessels regardless of the level of inflammation. The analysis of these findings is intricate as the significance of capillary diameter in inflammation and tobacco use is still unclear. In addition, variations in the site of biopsy harvesting (buccal versus interproximal), patients age,\[[@ref39]\] the level of inflammation (treated versus chronic versus acute), and the method of inflammation evaluation render difficult the interpretation of results.

This study had certain limitations due to the inability of the immunohistochemical preparation to differentiate between functionally open and closed vessels. Therefore, the functional blood flow was not reflected in the measurements. The quantitative analysis evidenced certain trends, which were not always statistically significant due to the small number of specimens and large intragroup variations. Moreover, in both groups, the quantitative distribution of small, medium, and large vessels follows a similar trend with the content in small vessels being significantly more important than both medium and large vessels. This finding applies to the entire biopsy area and fractioned regions taken separately. Small vessels predominate in the peripheral regions, whereas large vessels are more abundant in the deeper connective tissue areas.

The total number of vessels in the interdental marginal gingiva is unaffected by chronic cigarette smoking in periodontally affected patients in the entire biopsy area and in the separate connective tissue regions; there is no effect of smoking on the number of medium vessels in the entire or fractioned connective tissue fields in periodontitis patients.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Smoking and periodontitis result in a redistribution of small and large vessels in the superficial and deeper connective tissue areas of the gingival papilla compared to nonsmoking periodontal patients. This vascular redistribution can be the result of vascular remodeling or angiogenesis. The significance of such rearrangement of vasculature within the gingival tissue remains to be elucidated.
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